Abstract. Due to its rarity, male breast cancer remains a poorly characterized disease. The present study obtained retrospective clinicopathological data, treatment patterns and outcomes for all male patients diagnosed with breast cancer in the Oncology Department, Faculty Hospital Trenčín (Trenčín, Slovakia) over the last 21 years from January 1995 to December 2015. A total of 21 patients with male breast cancer were analyzed, with a median patient age of 65.6 years. Two patients were diagnosed with lobular invasive cancer; all others were diagnosed with cancer of a ductal origin. One patient presented with metastatic disease in the pleural cavity. The primary tumors in 8 patients were staged as pT1, whilst 6 patients were staged as pT2 and 7 as pT4. Axillary lymph node involvement was present in 11 patients (52%) and 15 patients were hormone receptor-positive (83%). All but 1 patient underwent mastectomy and surgical staging of the axilla. Adjuvant chemotherapy, radiotherapy and hormone treatment was administered in the same manner as breast cancer treatment in female patients. The median follow-up time was 4.5 years. The 5-and 10-year overall survival rates were 87 and 74%, respectively, and the estimated median disease-free survival for the same population was 9.5 years (95% confidence interval, 6.2-14.6). The survival rates reported in the present retrospective study are comparable with previously published studies. In addition, the current study reported predominant hormone-positive characteristics and rare expression of human epidermal growth factor receptor 2. However, further multi-institutional trials are required to allow for informed treatment decisions in this uncommon disease.
Introduction
Male breast cancer is a rare disease accounting for <1% of all diagnosed breast cases (1) . The only ethnic group with a higher than average incidence of male breast cancer is Jewish men, regardless of their residence (2) . A previous study determined a strong family predisposition for the disease, with an odds ratio of 3.3 (3) . It is recognized that breast cancer (BRCA) mutations may be detected in a significant portion of male breast cancer cases (primarily BRCA2) and the National Comprehensive Cancer Network guidelines recommend genetic testing for such patients (4) . It has been suggested that male breast cancer is associated with a poorer prognosis compared with females, largely due to delays in diagnosis, lack of clinical care pathways and associated comorbidities due to the advanced age of patients (5) . A recent comparative analysis of menopausal status in female patients with breast cancer concluded poorer outcomes for male patients with breast cancer compared with postmenopausal females and similar outcomes to premenopausal female patients with breast cancer (6) . Recommendations for treatment in males are extrapolated from extensive evidence in women. Due to lack of breast tissue, simple mastectomy is commonly the preferred surgical procedure. Sentinel lymph node biopsy is feasible and is being performed more frequently in cases of male breast cancer. Given the absence of terminal lobules in the male breast, the disease is typically of a ductal type and hormone receptor-positive. Human epidermal growth factor receptor 2 (HER2)-positivity is rare, with a recent large multinational study reporting that this characteristic was observed in <5% of cases (7) . In the same study, a trend of improvement in overall survival (OS) was also observed over time in men with breast cancer (7) .
The aim of the present study was to examine the clinical and pathological characteristics, treatment patterns and outcomes of a series of male patients with breast cancer, who were consecutively treated at a single institution from January 1995 to December 2015. present study. Individual patient records were reviewed and the relevant data was obtained, including stage at presentation [based on the 7th edition of the Tumor-Node-Metastasis (TNM) classification system] (8), histological classification and tumor biomarkers, and details regarding treatment and follow-up. The study was approved by the Ethics Committee of Faculty Hospital Trenčín.
Statistical analysis. Statistical analyses were performed using MedCalc 15.2 software (www.medcalc.org). The patients' characteristics were summarized using the median (range) for continuous variables and frequency (percentage) for categorical variables. Survival analysis was used only for patients treated with curative intent. Kaplan-Meier estimates were performed to calculate OS rate from the date of initial diagnosis to the date of last follow-up or mortality, and disease-free survival (DFS) was calculated from the date of initial diagnosis to the date of progression or mortality.
Results
Patient clinicopathological characteristics. All 21 male patients were diagnosed with invasive breast cancer during the study period, which was <1% of the number of female cases diagnosed at the same time. The median age was 65.6 years (range, 51-86) and the majority of patients were over 60 years at diagnosis (71%). As presented in Table I , the primary tumors in 8 patients were staged as pT1, whilst 6 patients were staged as pT2 and 7 as pT4. No patients presented with pT3 or Tis primary tumors. Axillary lymph node involvement was present in 11 patients (52%) and 1 patient presented with metastatic disease (cytologically verified malignant pleural effusion) at the time of diagnosis. According to the TNM staging system (8), 6 patients were diagnosed with stage I disease, while 8 patients were stage II, 6 patients stage III and 1 patient stage IV. With regards to histological subtypes, invasive ductal cancer (invasive carcinomas of no special type) was present in 19 patients and invasive lobular cancer was present in 2 patients. Hormone receptor status was examined in 18 patients, of which 15 (83%) were estrogen receptor (ER)-positive and 13 (72%) were progesterone receptor (PR)-positive. Only 1 out of 11 patients examined for HER2 status was positive (9%). Only 2 patients were triple (ER/PR/HER2)-negative. A total of 12 patients had grade 2 disease, while 5 patients had grade 1 and 4 had grade 3. BRCA testing was not performed on the majority of patients as reimbursement for male breast cancer was not in place until recent years. All 6 patients analyzed had normal karyotypes without any BRCA mutations. Table II , a total of 20 patients underwent primary surgical treatment (simple mastectomy) for localized breast cancer. The axilla was surgically staged in all 20 patients undergoing primary surgical treatment; axillary lymph node dissection was performed in 19 patients and sentinel node biopsy was performed in 1 patient. Adjuvant chemotherapy was administered to 9 patients. Indications for adjuvant systemic treatment were extrapolated from breast cancer in women. Anthracycline-based chemotherapy [adriamycin and cyclophosphamide, or 5-fluorouracil (5-FU), adriamycin and cyclophosphamide] was administered to 5 patients, sequential chemotherapy based on anthracycline and taxane/trastuzumab was administered to 1 patient and cyclophosphamide, methotrexate and 5-FU was given to 3 patients (who had been diagnosed >10 years previously). Adjuvant radiotherapy was administered to 12 patients, with a total dose of 50 Gy (25 fractions over 5 weeks) with/without additional boosts to the tumor bed. Finally, 12 patients were treated with 5-year-long adjuvant hormonal treatment, consisting of 9 patients who were administered tamoxifen alone and 3 patients who underwent sequential hormonal therapy consisting of tamoxifen and aromatase inhibitor. One HER2-positive patient was administered adjuvant trastuzumab concurrently with adjuvant taxane treatment. Adjuvant trastuzumab was continued for 1 year. Progression to stage IV occurred in 3 patients, who were initially stage II or III, following curative treatment. All of these patients were treated with palliative chemotherapy (anthracycline-based, taxane-based or capecitabine-based) and 2 also received additional hormonal therapy (tamoxifen). Palliative radiotherapy was delivered to 1 patient for skeletal metastases. One patient with initially metastatic disease to the pleura was treated with palliative chemotherapy (anthracycline-based) followed by tamoxifen, and upon progression was treated with taxane and aromatase inhibitors, in addition to luteinizing hormone-releasing hormone (LHRH) agonist.
Treatment regimens. As presented in
Patient outcomes. A total of 4 patients succumbed during the median follow-up period of 4.5 years. Two patients succumbed due to progression of the disease and the cause of mortality regarding the other two patients is unknown. The 5-and 10-year OS rates were 87 and 74%, respectively (Fig. 1) . The estimated median DFS for the same population was 9.5 years (95% CI, 6.2-14.6) and 5-year DFS rate was 86%.
Discussion
Male patients with breast cancer tend to present later in life than females and the incidence of male breast cancer, although much lower than in females, is rising (1). Incidence of male breast cancer in Slovakia is ~0.8% of all female breast cancer cases, which is similar to that of Western Europe (9) . Furthermore, 83% of the patients in the current study were hormone receptor-positive, while only 9% of patients were HER2-positive, which is in line with a recent retrospective study by Cardoso et al (7) . Given this fact, the luminal A molecular subtype was predominantly observed in 58% of patients in the same study (7) . Additional comparative biomarker studies of matched cohorts confirm a higher predominance of ER-positivity and luminal A subtypes in men (10). This knowledge is important for practicing oncologists, as all newly diagnosed males with breast cancer with negative hormonal status should undergo a thorough pathological review so that the opportunity for hormonal treatment is not missed. The present study observed only 2 cases of lobular carcinoma, which is a similar number reported by a previous population-based study (11) . Surgical treatment of male breast cancer usually includes mastectomy, as cosmetic outcomes are typically less important than in women. Experience with sentinel lymph node biopsy in men is gaining wider acceptance among breast surgeons and is a recommended method of axillary staging of early cancer in women. The rarity of male breast cancer precludes prospective studies that may potentially guide the development of optimal treatment regimens. The decisions made regarding treatment in the present study were based on general guidelines for breast cancer in women, as recommended by the European Society for Medical Oncology (12) . Limitations of the current study include the small number of patients diagnosed and treated over several years for a relatively rare disease. The majority of patients with positive axillary lymph nodes and/or pT4 primary tumor stage received adjuvant chemotherapy and chest-wall radiotherapy. All but 2 patients with ER-positive tumors received hormone treatment, initially with tamoxifen. One patient without hormonal treatment arrived from another institution and the other is currently finishing adjuvant chemotherapy. Tamoxifen remains the standard hormonal treatment in adjuvant and metastatic settings for male breast cancer (13) . Hormonal treatment is preferred in palliative setting as outcomes are comparable with chemotherapy with less toxicity in women (14) . The present For adjuvant treatment, patients excluding stage IV were considered. For hormonal treatment, only hormone receptor-positive patients were considered to be eligible. CMF, cyclophosphamide, methotrexate and 5-fluorouracil.
study incorporated hormonal manipulation in the treatment strategies for all eligible palliative male breast cancer patients and there was no requirement for rapid tumor response. Incorporation of aromatase inhibitors, a standard treatment approach in women, remains a contentious issue in male breast cancer. Aromatase, an estrogen synthetase, is a key enzyme in estrogen synthesis, which is expressed not only in the gonads and peripheral tissues (including fat and bone), but also intratumorally (15) . In men, 60% of circulating estradiol (E2) is produced by the testes either directly or by conversion from testicular androgens (16) . The remaining portion is derived from the conversion of adrenal androgens (16) . Thus, the production of testicular and adrenal androgens, together with activity of aromatase enzyme, determine plasma estrogen concentration in men. LHRH agonists (also known as gonadotropin-releasing hormone agonists) are used in premenopausal women with breast cancer to reduce the production of ovarian estrogen and in castrate-sensitive prostate cancer in males. LHRH administration yields reduction of testosterone and estrogen produced by the testes (17) . Combination with aromatase inhibitors may further block estrogen production via aromatization. Prospective and retrospective measurements of plasma E2, follicle-stimulating hormone (FSH) and testosterone in men treated with only aromatase inhibitors have been reported (18, 19) , with results demonstrating that E2 levels decreased with treatment, but testosterone and FSH levels increased. These measurements confirmed a positive feedback loop between increasing FSH and testosterone. As testosterone is a substrate for aromatase, further E2 suppression may be achieved with LHRH analogs. A recent pooled analysis of 105 male breast cancer cases demonstrated the effectiveness of the aforementioned strategy (a 3-fold increase in clinical benefit rate) (20) , and in a smaller analysis of 60 patients, a survival benefit was observed following use of the combination strategy (21) . However, a phase II trial investigating this further was closed prematurely due to poor accrual (22). As this preclinical data suggests that complete hormonal suppression with aromatase inhibitors in men is not possible, they are (as monotherapy) not considered standard treatment in male breast cancer. All in all, tamoxifen continues to be administered as a standard adjuvant treatment in cases of male breast cancer, but dual treatment with LHRH agonists (or orchiectomy) and aromatase inhibitors is gaining ground in metastatic male breast cancer (23) . Adjuvant chemotherapy is recommended for high-risk female patients with breast cancer, and by extrapolation, its effectiveness is assumed to apply to the treatment of males with the disease. In the present study, out of 14 patients with stage II or III disease, 5 patients did not receive adjuvant chemotherapy due to advanced age, patient or physician choice, and comorbidities. The 5-(87%) and 10-year (74%) OS rates and the 5-year DFS rate estimated in the current study are consistent with previously published studies (13, (24) (25) (26) .
Due to the rarity of male breast cancer and largely anecdotal evidence from case reports, the International Male Breast Cancer Program was created under auspices of the European Organization for Research and Treatment of Cancer and the Translational Breast Cancer Research Consortium. In this program, a prospective cohort study analyzing a collection of DNA and tumor samples is planned. This program aims to advance the treatment of male breast cancer in a similar manner to how therapies have progressed for women with the disease. Male breast cancer is a rare disease and there are no prospective studies to inform current practice. As the disease has numerous similarities to breast cancer in women, treatment strategies are extrapolated from female breast cancer. Over the last 20 years, significant progress has been made in physician detection, investigation and treatment of male breast cancer. The encouraging results of the present study may give patients and professionals confidence in future treatment of the disease, which was once considered to have a grave prognosis.
In conclusion, the present study analyzed patients with breast cancer, who had been diagnosed over the last 21 years at the Oncology Department, Faculty Hospital Trenčín. In line with the published literature, the majority of patients presented with invasive ductal carcinoma with positive hormone receptors. HER2 positivity was rare. In order to improve knowledge regarding the treatment of patients with this rare cancer, the cases reviewed in the present study should be entered into a prospectively maintained international database. In addition, clinical trials designed for this patient population are required. Alternatively, patients with male breast cancer may benefit from being enrolled into selected clinical trials originally designed for women, where extensive networks of clinical research units already successfully collaborate.
